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Testosterone  prevents  T-2  toxin-induced  adrenal  cortical  necrosis  in  mice 


J.  D.  Thurman,  DVM ,  MS',  D.  A.  Creasia,  PhD ;  R.  W.  Trbtter,  DVM 

SUMMARY 

To  evaluate  the  effect  of  exogenous  testosterone  oh  the  occurrence  of 
T-2  toxin-induced  necrosis  of  adrenal  glands,  mice  were  civided  into  3 
treatment  groups.  Group  1  mice  received  12  subcutaneous  injections  of 
testosterone  at  48-hr  intervals  prior  to  aerosol  exposure  tc  the  toxin;  group 
2  mice  received  similar  injections  of  only  the  vehicle,  and  group  3  mice 
received  no  treatment.  Each  treatment  group  contained  c  astrated  male, 
castrated  female,  and  intact  female  mice.  All  mice  alive  24-hr  after  a 
10-min  exposure  to  T-2  toxin  aerosol  were  killed  and  the  adrenal  giands  and 
thymuses  examined  histologically.  Necrosis  of  the  adrenal  cortex  was  not 
present  in  any  of  the  mice  receiving  preexposure  treatmer  t  with  exogenous 
testosterone  (group  1).  All  mice  receiving  vehicle  only  (group  2)  or  no 
treatment  (group  3)  had  T-2  toxin-induced  necrosis  of  the  nner  adrenal 
cortex.  Additionally,  the  presence  of  lymphocytolysis  in  the  cortex  of  the 
thymus,  confirmed  that  each  mouse  of  all  3  treatment  groijps  had  evidence 
of  systemic  mycotoxicosis.  The  consistent  severity  of  the 
ail  mice  suggests  that  the  thymic  lesion  was  unaffected  byj 
testosterone  administration  or  the  castration  status  of  the  mice.  We 
propose  that,  in  mice,  T-2  toxin-induced  adrenal  necrosis  is  prevented  by 
the  presence  of  testosterone. 


hymic  lesion  in 
exogenous 


T-2  toxin  is  a  trichothecene  mycotoxin  produced  by 
is  a  potent  inhibitor  of  eukaryotic  protein  synthesis.1'2  Th 
cytotoxic  for  immature  lymphoid,  hematopoietic,  and  intes 


epithelial  cels  3,4  In  addition  to  these  commonly  observed 


histopathologica!  changes  have  been  reported  in  several  o 


Pusarium  fungi  and 
mycotoxin  is 
tjnal  crypt 
lesions, 

jrgans,  including 


I 


pancreas  and  heart.5,6  We  recently  reported  the  sequential  dewelopment  of 
lesions  in  mice  after  exposure  to  T-2  toxin  aerosol.7  In  an  additional  paper, 
we  also  reported  that  exposure  to  T-2  toxin  aerosol  caused  adrenal  cortical 
necrosis  in  female,  but  not  male,  mice.8  In  a  subsequent  unpublished  study, 
we  found  that  the  toxin  caused  similar  adrenal  cortical  necrosis  in  male 
mice  castrated  either  before  or  after  puberty.3 

We  therefore  hypothesized  that,  in  mice,  T-2  toxin-induced  adrenal 
cortical  necrosis  occurs  only  in  the  absence  of  testosterone.  The  purpose  of 
the  present  study  was  to  test  this  hypothesis  by  studying  the  effect  of 
exogenous  testosterone  on  T-2  toxin-induced  necrosis  in  the  adrenal  gland 
of  castrated  male,  castrated  female,  and  intact  female  mice. 

Materials  and  Methods 

Animals-- Castrated  male,  castrated  female,  and  sham-operated 
(intact)  female,  CD-I  mice,  6  months  of  age,  were  obtained  from  Charles 
River  Laboratories,  Stoneridge,  NY.  They  were  grouped  6  per  open-bottom 
polycarbonate  cage  and  fed  a  commercially  prepared  ration**  and  water  ad 
libitum.  Room  conditions  were  maintained  at  24  C  and  5C%  relative 
humidity;  room  air  was  changed  12  times  p9r  hour.  The  light  cycle  was  12 
hr.  The  mice  were  acclimated  (4  to  6  weeks)  before  the  studies  were  begun. 

Chemicals— Purified  (>99%)  T-2  mycotoxin  was  obtained  as  a  white 
crystalline  powder.0  Purity  was  confirmed  in  this  laboratory  to  be  >99%  by 
both  thin-layer  chromatography  and  gas  chromatography/mass  spectrometry 
analyses.  Synthetic  [3H]  mycotoxin  in  ethanol  was  obtained  from  Amersham 
international,  Amersham,  UK  (sp  act:  11  Ci/mmol;  1.1  pmof/ml). 
Testosterone  propionate  was  obtained  as  a  white  crystalline  powder.d 
Sesame  oil  was  used  as  the  injection  vehicle®  Testosterone  was  mixed 
with  the  vehicle  at  a  concentration  of  1 .6  mg/ml. 

Testosterone  treatment—  Prior  to  T-2  aerosol  exposure,  mice  were 
divided  into  3  treatment  groups:  Group  1  was  testosterone-treated;  group  2 


was  vehicle  control;  and  group  3  recieved  no  treatment.  Group  1  consisted 
of  6  castrated  male  mice,  6  castrated  female  mice,  and  6  intact  female 
mice.  At  48  hr  intervals,  each  mouse  in  Group  1  received  a  subcutaneous 
injection  of  0.16  mg  testosterone  propionate  in  0.10  ml  sesame  oil  for  a 
total  of  12  injections.  GrouD  2  consisted  of  3  castrated  male  mice,  3 
castrated  female  mice,  and  3  intact  female  mice.  These  mice  received  0.10 
ml  vehicle  only  on  the  same  injection  schedule  as  group  1.  Group  3 
consisted  of  3  castrated  male  mice,  3  castrated  female  mice,  and  3  intact 
female  mice.  These  mice  received  no  treatment  prior  to  T-2  aerosol 
exposure. 

Aerosol  generation—  Crystalline  T-2  mycotoxin  was  dissolved  in 
pharmaceutical-grade  ethanol  to  produce  a  final  solution  of  25  mg/ml.  Fifty 
pi  of  [3H]T-2  mycotoxin  in  ethanol  was  added  as  a  tracer.  The  test  aerosol 
was  generated  by  nebulizing  the  ethanol  solution  of  T-2  with  a  Lovelace 
nebulized 

Aerosol  exposure— The  dynamically  operated  aerosol  chamber  was 
designed  for  nose-only  exposure  to  the  T-2  mycotoxin  aerosol.  The  10-min 
exposures  were  accomplished  by  placing  each  mouse  in  an  open-ended, 
cone-shaped  holder  with  a  hole  small  enough  so  that  only  tha  nose  protruded 
into  a  1 .5  L  aerosol  chamber.  The  chamber  was  operated  at  2.2  L/min.  The 
mice  were  exposed  in  3  groups  containing  12  mice  each.  The  aerosol  mass 
concentration  varied  between  225  to  275  pg  of  T-2/L  Of, air  and  was 
determined  for  each  aerosol  exposure  from  a  grab  sample  taken  from  the 
aerosol  exposure  chamber.  Grab  samples  were  obtained  by  drawing  the  T-2 
aerosol  from  the  exposure  chamber  across  a  fiberglass  filter9  at  the  rate  of 
1 .0  L/min  for  1 .0  min.  The  fiberglass  filter  was  then  placed  in  a  standard 
scintillation  vial.  T-2  was  extracted  overnight  from  the  filter  in  1.0  ml  of 
ethanol,  10  ml  of  scintillation  fluid  was  added,  and  the  [3H]  on  the  filter 
was  quantitated  by  scintillation  counting. h  The  quantity  of  T-2  on  the  filter 
was  then  calculated  based  on  the  known  ratio  of  [3H]T-2:T-2  that  was 


present  before  nebulization.  Mice  in  all  3  groups  were  exposed  to  the 
aerosol  24  hr  after  the  'ast  injection  was  given  to  groups  1  and  2. 

Light  microscopy— Adrenal  glands  and  thymus  from  each  animal 
surviving  24  hr  after  aerosol  exposure  were  collected  at  necropsy  and  fixed 
in  10%  neutral  buffered  formalin.  After  paraffin  embedding,  sections  of 
each  tissue  were  cut  at  5  pm  and  stained  with  hematoxylin  and  eosin  (H&E). 
All  tissue  sections  were  examined  by  light  microscopy.  The  extent  of 
necrosis  was  characterized  as  minimal,  mild,  moderate,  severe.  The 
criteria  for  necrosis  inc  uded  any  of  the  following:  nuclear  pykriosis, 
karyolysis,  karyorrhexis,  or  lysis  of  plasma  cell  membrane.  Two  veterinary 
pathologists  (JDT,  fWT)  independently  evaluated  the  2  target  tissues  for 
evidence  of  necrosis.  The  final  results  were  obtained  with  the  concurrence 
of  both  pathologists. 

,  •  s 

Results 

Immediately  after  the  aerosol  exposure,  3  castrated  female  mice  from 
the  testosterone  treatment  group  died.  Additionally,  one  sham-operated 
(intact)  female  mouse  from  the  vehicle-only  group  and  one  castrated  female 
mouse  from  the  no  treatment  group  died  approximately  15  hr  postexposure. 
These  5  mice  were  not  necropsied. 

Group  1 

We  did  not  observe  adrenal  cortical  ne  ;  osts  in  any  of  the  mice  treated 
with  testosterone  and  subsequently  exposed  to  T-2  aerosol.  There  was 
necrosis  of  lymphocytes  in  the  cortex  of  the  thymus  was  in  each  of  the  mice 
in  group  1.  This  lymphocytolysis  was  a  striking  lesion  involving 
approximately  60%  to  90%  of  the  lymphocytes. 

GrpUQ-2 

Adrenal  cortical  necrosis  was  observed  in  each  of  the  mice  injected 
with  vehicle  only  before  exposure  to  T-2  aerosol.  The  adrenal  les'on  was 
similar  to  the  one  previously  reported  in  female  mice.7  8  Necrosis  was 


restricted  to  parenchymal  cells  in  a  zonal  distribution  within  the  zona 
fasciculata  (fig  i ).  The  innermost  cells  were  always  affected  w«  !le  there 
was  some  varibility  in  the  extent  of  the  necrosis  into  the  outer  zona 
fasciculata.  Borders  of  the  necrotic  zone  were  generally  well  demarcated 
by  an  abrupt  change  from  necrotic  cells  to  normal  cells.  Organization  of 
parenchymal  architecture  within  the  necrotic  areas  usually  remained 
discernible  due  to  structural  support  from  unaffected  radiating  capillaries. 
The  necrotic  zone  often  had  sparse  numbers  of  neutrophils  presenting  2). 
In  addition,  we  observed  necrosis  of  lymphocytes  in  the  thymic  cortex  in 
each  of  these  mice.  This  lymphocytolysis  was  similar  in  severity  to  that 
present  in  mice  from  group  1 . 

Group  3 

Adrenal  cortical  necrosis  as  well  as  necrosis  of  lymphocytes  in  the 
thymic  cortex  was  observed  in  each  of  the  untreated  mice  exposed  to  T-2 
toxin  aerosol.  Distribution  and  severity  of  the  adrenal  necrosis  were 
similar  to  that  present  in  group  2  mice.  The  percent  of  lytic  lymphocytes 
was  analogous  to  that  observed  in  mice  of  both  group  1  and  group  2. 
Discussion 

In  previous  papers  we  reported  that  necrosis  of  lymphocytes  in  the 
thymic  cortex  was  an  early  and  sensitive  indicator  of  T-2  toxicosis  in  both 
male  and  female  mice.  In  the  present  study,  we  used  necrosis  of  thymic 
lymphocytes  to  confirm  the  presence  of  T-2-induced  toxicosis  in  each 
mouse.  Since  this’lesion  was  present  with  similar  severity  in  all  mice 
examined  histologically,  we  confirmed  the  presence  of  mycotoxicosis  in 
each  mouse.  Additionally,  this  lymphocytolysis  in  the  thymic  cortex  of  all 
mice  examined  histologically  suggests  that  occurrence  of  the  thymic  lesion 
is  not  affected  by  castration  status  or  by  the  treatment  received  prior  to 
exposure  to  the  aerosol. 

Our  original  paper  reported  that  a  sublethal  dose  of  T-2,  toxin  causes 
adrenal  cortical  necrosis  in  female,  but  not  male,  mice.6  In  the  present 


paper  we  report  that  a  similar  sublethal  dose  of  T-2  toxin  produced  adrenal 
cortical  necrosis  in  castrated  male  and  castrated  female  in  addition  to 
intact  female  mice.  We  also  report  that  testosterone  treatment  prior  to 
T  2  toxin  aerosoi  exposure  prevented  adrenal  cortical  necrosis  in  each  of 
the  above  groups  (i.e,  castrated  male,  castrated  female,  and  intact  female). 
These  data  support  our  original  report  that  adrenal  necrosis  caused  by 
sublethal  doses  of  T-2  toxin  does  not  occur  in  intact  mate  mice.  We  further 
conclude  that  the  presence  or  absence  of  ovarian  hormones  had  no  effect  on 
occurrence  of  the  adrenal  cortical  necrosis,  as  the  necrosis  was  present  in 
all  of  the  intact  (sham-operated)  female,  castrated  female,  and  castrated 
male  mice  that  did  not  receive  exogenous  testosterone. 

Further  studies  are  needed  to  elicit  the  mechanism(s)  by  which 
testosterone  protects  adrenal  cortical  parenchymal  cells  from  the 
necrotizing  effects  of  T-2  toxin. 
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Fig  1  -  Adrenal  gland  of  T-2  mycotoxin-ej 
mouse  receiving  vehicle  only  (group  2).  Note 
arrowheads)  in  the  inner  zona  fasciculata;  24-h| 
25. 
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Fig  2  -  Adrenal  gland  of  T-2  mycctoxin-exposed  intact  female  mouse 


receiving  vehicle  only  (group  2).  Note  coagula 
ceiis  with  sparse  numbers  of  neutrophils  in  the 
postexposure;  H&E  stain;  X  64. 


:ive  necrosis  of  parenchymal 
zona  fasciculata;  24-hr 
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